The World Health Organization (WHO) has recommended that trans fatty acid (TFA) intake should be less than 1% of total energy intake, but few data are available as to the influence of energy TFA intake of as low as 1% on blood cholesterol levels. A randomized, double-blind, parallel trial was conducted to assess the effects of 1% TFA dietary supplementation on serum cholesterol levels in healthy young women. Sixty-five volunteers consumed cookies containing 1% (TFA) or 0.04% (control) energy of TFA for 4 weeks and blood was harvested after overnight fasting. There were no significant differences in serum LDL-or HDL-cholesterol levels between the two groups. The hemoglobin A 1c level was not influenced by dietary TFA. These results suggest that energy of TFAs at less than 1% has little effect on serum cholesterol or hemoglobin A 1c levels in healthy young women. This confirms the correctness of the WHO recommendation.
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Key words: trans fatty acid; serum cholesterol; serum lipids; hemoglobin A 1c ; humans High intake of TFA, >2% of total energy (%E) is associated with cardiovascular disease, [1] [2] [3] [4] although no satisfactory evidence as to the tolerable upper level of TFA intake exists. 5) In 2003, the World Health Organization (WHO) recommended that TFA intake should be less than 1% of total energy intake to prevent non-communicable diseases, including coronary heart disease. 6) This level was inferred from the safety zone in multivariable regression between TFA intake and the ratio of LDL-/HDL-cholesterol observed in intervention studies, 7) but the experimental evidence is limited. 8) In fact, there are few data concerning the influence of lowlevel TFA intake, about 1%E, on blood lipid levels. One of the purposes of the present study was to examine the influence of 1%E of TFA in addition to usual intake on serum lipid concentrations in healthy young Japanese subjects, a generation apt to consume fast foods rich in TFA.
Some studies have reported an association between TFA intake and type-2 diabetes, 9, 10) while there is no consistent view as to the influence of TFAs on diabetes onset. 11, 12) The results of a recent meta-analysis of randomized clinical trials indicated that increased TFA intake does not result in changes in glucose, insulin, or triglyceride concentrations, but leads to a modification of cholesterol profiles.
13) The second purpose of this study was to determine whether an additional 1%E of TFA intake by healthy young women over several weeks would affect hemoglobin A 1c levels, an index of timeaveraged serum glucose levels. 14) In the present study, we addressed the effect of an additional 1%E TFA intake on serum cholesterol and hemoglobin A 1c levels. Sixty-five healthy young Japanese women consumed one cookie a day containing either 1% or 0.04%E (control) of TFA for 4 weeks, in addition to their regular diets. We report here that the additional 1%E TFA intake had no appreciable effect on serum cholesterol or hemoglobin A 1c levels in these subjects.
Materials and Methods
Participants and study design. The protocol for this study was approved by the Ethics Review Board of Toyama College, and the study was done in accordance with the Helsinki Declaration. Written informed consent was obtained from all participants. Sixty-five female students (aged 18-22 years, average 18:2 AE 0:7 years) were recruited from the Department of Food and Nutrition of Toyama College in Japan. All the subjects were healthy in general terms and had no history of dyslipidemia or diabetes. They were divided randomly into two groups. A dietary survey was conducted for 3 consecutive days (one holiday and two weekdays) using a written form of dietary record and a photographic record with a scale card. 15) Daily intake of energy and nutrients was calculated by dietitians using commercially available software (Excel Eiyo-Kun ver. 4.0, Kenpakusha, Tokyo) and data from the Basal Report of Evaluation of TFA in Foods by the Food Safety Commission of the Cabinet Office of Japan. 16) A randomized, double-blind, parallel trial was conducted to assess the effects of 1%E TFA intake in addition to that contained in typical diet on serum cholesterol levels over 4 weeks. Table 1 shows the characteristics of the subjects. There were no differences in intake of energy, fat, cholesterol, or TFA between the two groups. The TFA intake was the same for the two groups, approximately 0.4%E on average, and it ranged from 0.11 to 1.03%E. In addition to their regular diets, the subjects were instructed to consume one cookie a day that contained rapeseed oil (control group) or partially hydrogenated rapeseed oil (TFA group) throughout the experimental period. At the end of the experiment, blood was collected after overnight fasting (more than 12 h) and serum was harvested. In the third week, a dietary survey was conducted over 3 consecutive days.
Experimental cookies. The rapeseed oil (Nisshin OilliO Group, Tokyo) contained 63.5 g of C18:1 cis (oleic acid) and 1.5 g of TFAs per
y To whom correspondence should be addressed. Fax: +81-76-436-0133; E-mail: takeuchi@toyama-c.ac.jp Abbreviations: TFA, trans fatty acid; WHO, World Health Organization 100 g of fatty acids, and the partially hydrogenated rapeseed oil (Yokozeki Oil and Fat Industrie, Ibaraki, Japan) contained 44.2 g of C18:1 cis and 36.5 g of TFAs (Table 2 ). In both types of cookie, the amounts of energy, protein, fat and carbohydrate were 91 kcal, 0.7 g, 5.0 g, and 10.3 g per cookie. The TFA cookie contained 1.8 g of TFAs, which corresponded to 1%E intake of total energy.
Analysis of blood samples. Serum total cholesterol, LDL-cholesterol, HDL-cholesterol, triacylglycerol, lipoprotein(a), glucose, insulin, and hemoglobin A 1c were analyzed as previously reported. 17) Briefly, serum lipids and glucose were measured by enzymatic methods, and hemoglobin A 1c was measured by means of automated clinical chemistry analyzers (TBA-200FR, Hitachi, Tokyo, and HLC-723G8, Tosoh, Tokyo). Serum insulin and lipoprotein(a) were measured by turbidimetric immunoassay. Lipids in erythrocytes were extracted by the method of Folch et al.
18) The TFA content of erythrocytes was measured by gas chromatography (GC-2010, Shimadzu, Kyoto, Japan) with a capillary column (TC-70, 0:25 mm Â 60 m, GL-Science, Tokyo) after methylation with boron trifluoride. 17) Fatty acid methyl ester standards (a 37-component FAME mix, trans-9-elaidic and trans-11-vaccenic acid methyl esters, and a mixture of linoleic and linolenic acid methyl ester isomers) were purchased from Sigma-Aldrich Japan (Tokyo).
Statistical analysis. Results were expressed as means AE SD. The significance of differences between the diet groups was determined by unpaired t test. p-Values < 0.05 were considered statistically significant. Statistical calculations were performed by means of SPSS 13.0 J (SPSS Japan, Tokyo).
Results

Nutrient intake levels during experimental period
The results of the dietary done survey during the experimental period are shown in Table 3 . There was no significant difference in fat intake between the control and the TFA group. Cholesterol intake also was the same between the groups. The mean TFA intake of the control and that of the TFA group corresponded to 0.68 g/d (0.40%E) and 2.45 g/d (1.47%E) respectively.
Serum lipids, glucose, insulin, and hemoglobin A 1c
There were no significant differences in baseline levels of serum lipids as between the control and the TFA group (Table 4) . After feeding of cookies for 4 weeks, the differences in serum levels of total, LDL-and HDL-cholesterol as between the control and the TFA group was not significant. Also, no significant change was observed in triacylglycerol or lipoprotein(a) between the groups.
There were no significant differences in the baseline levels of glucose, insulin, or hemoglobin A 1c as between the control and the TFA group (Table 5) . After treatment, there were no significant differences in hemoglobin A 1c or insulin as between the control and the TFA group. The serum glucose level after consumption of the TFA diet was significantly higher than that for the control diet, but there was no significant difference in percentage change on the basis of the baseline level between the two diet groups.
Fatty acid contents of erythrocytes
The major fatty acids in the erythrocytes were C16:0 (palmitic acid), followed by C18:1 cis (oleic acid), and C18:2 cis (linoleic acid) ( Table 6 ). The content of C18:1 trans (trans-octadecenoic acids) was low in both groups but was significantly higher after consumption of the TFA diet as compared to the control diet. No significant change was observed in C18:2 trans (trans-octadecadienoic acid) as between the two groups. C18:3 trans (trans-octadecatrienoic acid) was not detected in either group. The C18:1 cis level was significantly lower, while C20:4 (arachidonic acid) level was significantly higher in the TFA group than in the control group.
Discussion
The present study examined the influence of intake of an additional 1%E TFA on serum lipid concentrations in healthy young Japanese women. TFA at this dietary level, a total of 1.47%E, influenced neither serum total cholesterol nor LDL-cholesterol or HDL-cholesterol levels. There are reports indicating that intake of TFAs increases serum triacylglycerol and lipoprotein(a) levels. 7, 19) In our study, no significant difference was observed in these parameters as between the control and the TFA group. These results support the correctness of the recommendation of WHO.
A number of human intervention trials 8) have indicated that TFA at dietary levels above 4 to 6%E increases blood LDL-cholesterol and reduces HDLcholesterol. In this context, however, studies examining the effect on blood cholesterol concentrations of comparatively low levels of TFA (less than 2%E) are limited 8) and the results are inconclusive. In one such study, there were no differences in the serum LDL-or HDL-cholesterol levels of moderately hypercholesterolemic subjects who consumed a margarine diet containing 3.3%E of TFAs and those who consumed a control diet containing 0.6%E of TFA over 5 weeks, while LDL-cholesterol levels increased after consumption of a butter diet containing 1.3%E of TFA as compared with a control diet. 20) Since the proportions of saturated fatty acids in the diets containing 1.3%E and 3.3%E of TFAs differed markedly, at 62% and 25% respectively, it is difficult to attribute the change to TFA alone. Denke et al. 21) reported that LDL-cholesterol levels were higher after consumption of a butter diet containing 0.5%E of TFA as compared with a margarine diet containing 1.5%E of TFA in normocholesterolemic subjects. Again, there was a detectable difference in the levels of saturated fatty acids in their study, and the butter and margarine diets contained 16% and 9%E saturated fatty acids. The increase in the LDL-cholesterol due to the butter diet, therefore, can be attributed to the level of saturated fatty acid rather than to those of TFA.
The results of several epidemiologic studies are in accord with our results. In young Japanese women who ingested 0.9%E TFA (1.7 g/d) on average, the concentrations of total, LDL-and HDL-cholesterol did not correlate with TFA intake. 22) Total and HDL-cholesterol levels also did not correlate with TFA intake in Finnish men who ingested a median of 2.0 g/d (0.6%E) of TFA. 23) These observations suggest that dietary TFA at less than 1%E does not cause adverse effects on cholesterol profiles.
Hemoglobin A 1c reflects the time-averaged blood glucose level, and is used as the gold standard in the diagnosis of diabetes. 14) In the present study, there was no significant difference in hemoglobin A 1c levels between the control and the TFA group, while the serum glucose level was slightly (3 mg/dL) but significantly higher in the TFA group than in the control group. In addition, the percentage change in the serum glucose level on the basis of the baseline was not significantly higher in the TFA group than in the control group. The glucose levels of all subjects in the TFA group remained within the normal range (below 100 mg/dL).
Some studies have found a positive correlation between TFA intake and TFA level in erythrocytes, 24) and erythrocyte TFA levels aere utilized as one of the surrogate markers of TFA intake. Some cohort studies, in fact, have found positive correlations between erythrocyte TFA level and the risk of coronary heart disease. 25, 26) There was a detectable accumulation of TFA in erythrocyte lipids after the consumption of a relatively low level of TFA in our study. Thus, even after a low level of intake, TFA was deposited into the cells. However, it is likely that the levels observed in the present study not are enough to cause the metabolic disorders attributable to TFA. To understand the pathological significance of the present observation, further study is needed to monitor the die-away pattern after the suspension TFA intake. In this study, arachidonic acid in the erythrocytes was significantly higher in the TFA group than in the control group, but Sun et al. 24) have reported that no significant association was found between TFA intake and arachidonic acid in erythrocytes in US women. The reason for this difference is not clear. The influence of TFA on serum cholesterol levels is affected by the amount of dietary n-6 fatty acid ingested simultaneously. 8, 27) The average intake of n-6 fatty acid by the volunteers in this study was about 5%E. However, when the linoleic acid intake is less than 5%E, 1% of TFA might have adverse effect on serum cholesterol levels. The WHO/FAO Expert Consultation set up goals of n-6 fatty acids for preventing a noncommunicable disease. 6) The experiment period of most intervention studies that have examined the influence of dietary TFAs on blood lipid was 2 to 6 weeks, and thus the average was about 4 weeks. 8) In our study, the volunteers consumed the test diet for 4 weeks. A further study is necessary to clarify the influence of a TFA intake of 1%E for more than 4 weeks.
TFAs are generated by heat of more than 220 C.
28)
Tsuzuki et al. 29) have reported that TFA formation in rapeseed oil was negligible at below 180 C over 4 h. The cookies used in our study were baked at 180 C for 15 min.
In summary, there was no appreciable adverse effect of 1%E TFAs in addition to the usual intake of TFA on the serum lipid or hemoglobin A 1c levels of the healthy young Japanese women in the present study. Our findings support the recommendation of the WHO that intake of TFAs should be less than 1%E. Whether the influence of TFAs at this level is similar for the two genders or generations for those who live in Western countries warrants further investigation. 
